The objective assessment of cataract is central to any epidemiological or therapeutic study of cataract and has become a priority since the arrival of drugs that may have a beneficial effect on cataract. 1, 2 To the patient, the subjective assessment of their own vision provides the most relevant estimate of the effects of cataract, but this is the parameter that is least reliably assessed by the clinician and most readily influenced by factors unrelated to the cataract. In spite of this, visual acuity testing, including testing with low contrast targets, is a necessary part of cataract assessment. .
To the clinician, the objective methods of assessment are at a priority in estimating cat aract. The methods used include resolution target projection ophthalmoscopy (acuity scope), clinical cataract classification and grading and two photographic techniques. These techniques are best used together to give a comprehensive statement about the cat aract, but if time and expense are limited, users may restrict their choice to parts of the system.
Objective Assessment of Visual Acuity (Acuity Scope)

Resolution Target Projection Ophthalmoscope
The image degrading effect of cataract is assessed with a resolution test target projec tion ophthalmoscope as first described by Cotlier in 1981.3,4 His instrument projected a standard USAF 3 bar resolution test chart, which we have modified in the instrument now made for us by Keeler, with the elimination of those bars from the target which were too large or too small to be relevant. The new target is presented in a logarithmic pro gression of sizes for better numerical assess ment (Fig. 1) . The projected image is degraded by the cataract both in the projec tion and in visualisation. The pupil is first dilated. The observer directs the instrument into the fundus by observing a retinal blood vessel, adjusts the focusing control until it is accurately focused. The projected target is then directed towards the posterior pole of the eye and the smallest 3 bar target in which both Correspondence to: Mr Nicholas A. P. Brown, 63 Harley Street, London WIN IDD.
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The Oxford Clinical Cataract Classification and Grading System
A standardised system of cataract classifica tion and grading at the slit-lamp microscope is basic to any in vivo cataract study. The mor-. phological classification of cataract is impor tant since different morphological types of cataract behave in different ways and the mor phology is better identified by the clinician using a slit-lamp than by studying photo graphs. The numerical grading of opacity is more accurately performed by photographic systems, but these techniques lack the ability to grade for individual morphological fea tures, so that the clinical grading system is stjll relevant in units possessing advanced photo graphic techniques. In units lacking photo graphic systems, the Oxford clinical classification and grading system can be CATARACT TYPE LENISTATUS applied on its own. We hope that this system will come to be regarded as standard and we are happy to provide it for use in other units.
Earlier cataract grading systems related to specific types of cataract5•6.7 and later systems have been more comprehensive.4•8.9.1O.l1.12.13.14 The basis of our system was first described in 1983 and since then we have gained experi ence with the system and have incorporated modifications which give rise to the system described here,15 which will not be further modified. Brief details of the system are:
The features of cataract that are graded are: Anterior clear zone thickness, anterior sub capsular opacity, posterior subcapsular opacity, cortical spoke opacity, waterclefts, vacuoles, retro-dots, focal dots, nuclear bru nescence and white nuclear scatter. Each fea ture is graded on a 0--5 scale, the result being recorded on a grading chart (Fig. 2) .
A grading booklet is fixed to the slit lamp microscope head support pillar and presents grading diagrams to the observer at the same angular magnification as that of the object being graded when viewed by the microscope. The use of the booklet and grading chart ensures a standard order of examination.
The anterior subcapsular clear zone is sig nificant in cataract formation16 and is demon strated with a narrow slit-beam. It is graded by comparison with diagram showing different widths (Fig. 3) . Anterior and posterior sub capsular opacities are commonly roughly cir cular and are graded according to diameter (Fig. 4) . When the opacity is not circular, it is mentally 'rounded up' and graded. Cortical spoke (Cuneiform) opacities are typically radial base-out wedge segments and are graded by the area affected in 'pie shaped segments'. When the opacities occupy non adjacent segments, these are apposed in the 'minds eye' and the overall area guaged by comparison with the standard diagram (Fig.  5 ). Waterclefts have a radial configuration and are graded in the same way. Vacuoles are graded according to their frequency within an 8 mm diameter area by comparison with stan dard diagrams showing frequency on a log arithmic scale (Fig. 6 ). Retro-dots are small rounded opacities in the deep cortex, best seen with retro-illumination and are graded within a 6 mm diameter circle in the same way as vacuoles. Focal dots occur with increasing frequency towards the periphery of the lens. For this reason a standard 'grading patch' is selected by setting the slit beam focal illumination to 2 mm height and 0.7 mm widths. The grading patch is located 3 mm temporal to the optic axis. The focal dots are graded by comparison with standard diagrams on a logarithmic scale.
Nuclear brunescence is graded by com parison with standard Munsell colour samples18 which were selected by making mul tiple colour matches on lenses with brunes cence, following which evenly spaced representative colours were chosen. The lens brunescence is graded by matching to the clos est representative colour of the five sample colours provided.19 White nuclear scatter is obvious when it occurs in isolation, but more commonly coexists with brunescence, which complicates the assessment slightly. Grading is performed by comparison with Munsell neutral density grey scale samples to select the closest match. To reduce the confusing effect of brunescence both the lens being graded and the Munsell neutral density patches are viewed through the same yellow filter (Wratten 12).
Other lens features are recorded when pres ent including lamellar separation, coronary opacities, lamellar opacity, sutural opacity, pseudo-exfoliation, polychromatic lustre, but these features are not graded.
Photographic Techniques
The ideal would be a single photographic technique that could give all the necessary information, but unfortunately this is not possible, and it is necessary to use two. Slit image photography (Fig. 7) , as developed by Niesel,20 and Brown21 gives useful information concerning the dimensions and optical densi ties of an axial section of the lens. From the negatives made by this technique, it is possible to measure the dimensions and densities of any opacities that lie in the plane of the sec tion, but other opacities are missed altogether. This information loss can be reduced by Hockwin's22 method in which the slit-image camera is made to rotate about a horizontal axis, so that multiple images can be made of the same lens. However, this still gives an incomplete statement about the total amount of cataract present in a lens.
The nucleus is well demonstrated by the slit-image, so that nuclear sclerosis is measured best by this technique23.24 and it is in respect to the cortex that the technique is inadequate, so that investigators may prefer to limit slit-image photography to examin ation of the nucleus alone. 25 Another source of error is the shadow area that lies behind an opacity, which prevents information being obtained from these areas. Slit-image pho tography does give other additional useful information concerning the dimensions and optical densities of non-cataractous regions of the lens, which vary from the normal in such conditions as diabetes.
Retro-illumination photography (Fig. 8 ) gives a useful statement of the total amount of cortical cataract that is present in a lens23.24 but demonstrates nuclear sclerosis poorly. It gives little information about the density of the opacity and no information about the densi ties of non-cataractous areas of the lens. Slit image photography and retro-illumination photography need to be used in conjunction to assess the state of the lens with cataract, and this is also the finding of other workers. 23.24 To obtain further information at a molecu lar level, laser spectroscopy26 may be the preferred method and it may be possible to estimate changes in lens fibre dimensions by specular photography Y· 2 8
Retro-Ill umination Photography
Fincham2 used a 45 degree glass plate as a mirror to allow simultaneous axial illumina tion and photography of the lens. The infor mation loss due to the corneal reflex can be avoided by using the Zeiss Photo slit-lamp and taking pairs of pictures of each lens with the light projected into the eye from the right and then from the left. 30 The images from left to 3RD DIAG.
4TH DrAG. right halves of each lens have then to be matched and measured. Clearly a single image without a reflex is the more convenient. Our system of retro-illumination photography ( Fig. 9 ) uses an apparatus based on the Fincham principle with the corneal reflex can celled by crossed polarised filters, as described by Kawara.31•32 The apparatus is fit- Fig. 7 . Slit-image picture of a lens with cortical and nuclear cataract.
ted to the projector of a Zeiss Photo Slit Lamp and replaces the camera supplied with that instrument. An 80 mm focal length objective is used to give as much magnification as poss ible (1.9: 1). The use of a conventional photo graphic lens has the advantage that depth of field can be maximised. The most useful lens aperture has been found to be f11, which gives an adequately bright view-finder image, when a photomicrographic screen is used in the camera. Contrast is improved with an orange filter, similar in colour to the reflected light from the fundus. A Wratten 22 filter is placed in the projector light path. It was noted that the residual light from the corneal reflex that manages to pass the crossed polarised filters is in the blue part of the spectrum, as is the light scattered in the cornea by birefringence. Thus the orange filter reduces the corneal inter ference with image quality.
Accurate and repeatable alignment tech niques are important in retro-illumination photography, as they are with slit-image pho tography, so that sequential pictures of the same eye can give valid comparisons. Kawara32 advised directing the camera so that the optic disc was centred behind the lens of the eye to give maximum retro-illumination. Our experience showed that this could be achieved by manoeuvring a fixation light before the patient's other eye and the pho tographer could identify the position of maxi mum image brightness. However, it was not easy to return to the same position on each occasion and small movements of the patient's eye caused large fluctuations in the level of retro-illumination. The present system uses fixation lights on either side of the glass plate reflector at the front of the camera. As with the slit-image camera, .there is one light for each eye. Each light is placed at 15.5 degrees to the side of the camera axis and 1.5 degrees above (measured at the nodal point of the eye), so that in the normal eye the disc will be in line with the camera axis. In eyes with abnormal dimensions the disc serves as a par tially effective reflector and, more impor tantly, in a manner that is accurately repeatabl � . The fore and aft positioning is controlled by focusing the viewfinder image in the plane of the most significant part of the cataract. Most usually this is seen to be the anterior cortex, or the posterior subcapsular region. The plane of focus that is chosen is noted for future examinations of the same eye. Occasionally two separate planes of focus are needed to give an adequate representation of a single lens affected by more than one type of opacity. It was initially hoped that focus could be simplified by using the plane of the pupil for all eyes, but the depth of field has not proved adequate to allow this.
A standard density reference is incor porated by a mirror system which collects light that has passed vertically through the 45 degree glass plate and would otherwise be wasted. The light is reflected twice to turn it back through 180 degrees to where it passes through an ND 0.6 step standard density in the plane of focus of the camera. This stan dard density allows correction for variations in film, development and flash light output, but no allowances can be made for the vari ability of fundal reflection, which differs con siderably between individuals. The accurate alignment of the patient's eye with the camera ensures that there will be no significant varia tion in fundal illumination between separate frames, but changes in the amount of cataract with time will cause changes in the fundal illumination.
The images show any opacities in the lens in strong silhouette (Fig. 8) .
The one exception appears to be the retro-dot cataract!7 which sometimes produces a bright image by birefringence of the polarised light (Fig. 10) .
This must introduce a small error into image measurement. Nuclear sclerosis is not well demonstrated.
Slit Image Photography
The instrument now used is based on that described by Brown33,34 and is built on a one piece solid plate chassis with its own slit-pro jector in place of the Zeiss slit -projector of the previously described instrument. The camera utilises Scheimpflug' s principle to eliminate the depth of field problem with a tilted film plane. The relatively high magnification of 1. 75: 1 vertically and 2: 1 h orizontally is iden tical to that of the first model. The same system of density standardisation is used. Precise alignment with the patient's eye is essential if results are to be repeatable. The present instrument has one significant modi fication from that previously described. This is a fibre optic bundle which passes from the centre line of the front plate of the slit-projec tor to the camera viewfinder. The patient fix ates a pinpoint fixation light that is displaced 5 degrees (the normal angle 0':) from the axis of the slit beam. When the patient's eye is cor rectly aligned with the apparatus, the light reflected from the cornea falls on the centre line of the slit-projector and illuminates the fibre optic bundle. The photographer can then see the other end of the fibre optic bundle illuminated in the viewfinder and judge whether the apparatus is mis-aligned, nearly correctly aligned, or exactly aligned. The ver tical and antero-posterior alignments are con trolled by cross-hairs in the viewfinder, as previously described. The photographer now has control of all the alignments visible in the viewfinder up to the moment of releasing the camera foot switch.
Similarly, strict alignments are built into the instrument developed by Hockwin,22 in which a photo-electric sensor connected to a speaker gives audible information on horizontal align ment, for which the fibre optic bundle serves in our system.
The Image and its Analysis
The film used is Ilford XPI monochrome film, which is chosen because of its extended den sity range and fine grain. The density range of conventional film is able to more than cover the full range of densities found in the healthy lens, but fails to cope with the densities met in cataract, since maximum density is quickly reached. A change in density in a cataract, which is in the range that exceeds the film's maximum density, will not be identified.
A photographic negative of the lens con tains a vast quantity of information on dimen sions and densities. Forward planning is needed to decide what is most relevant in order to avoid the collection and storage of huge quantities of data of little value.
In the analysis of retro-illumination nega tives we have limited ourselves to answering just one question, namely the percentage of the pupil area that is occupied by cataract. The slit-image negatives are measured only on the optic axis to give information on the den sity of the clear parts of the lens, and of any cataract that lies on the axis. The sagittal width of the lens and of the identifiable zones of discontinuity, in particular the subcapsular clear zone and the zone of disjunction, are measured. The dimensions are of particular interest in the diabetic lens in which these zones are seen to be expanded in the slit image negatives35 and may change in response to treatment. If the investigator is limited to slit-image negatives, then multilinear analy sis,36 or area density analysis21,37 is desirable and might ideally be performed in all investigations if time and cost permit.
The slit-image negatives have the image of the neutral density step wedge in steps of ND 0.3. This serves the densitometer to make valid comparisons between the densities in the lens image and in the image of the step wedge regardless of any change in flash output and also to compensate for changes in develop ment of the film which affects the density curve (y) of the negative.
Analysis of the Retro-Illumination Image
The retro-illumination negatives are measured on a computer image analysis system, which gives a black and white televi sion display of the negative. The degree of enlargement of the negatives is adjusted so that the image of the pupil becomes equal in diameter to a circle of set size on the screen. In instances in which the pupil is somewhat oval, then the smaller diameter of the pupil is made to equal the diameter of the set circle. The lowest detectable density is set to correspond to that of the retro-illumination background in an area of the lens unaffected by cataract. The frequency distribution of grey levels across the reference wedge is computed and used to adjust the recorded grey values so that they correspond to a constant scale. The con trast of the image in the set circle is enhanced by displaying the adjusted grey level values as a linear function of the maximum possible range. The area of cataract is then computed as that portion of the image with grey values which lie in the range between the least dense and a value representing two-thirds of the range between the most frequent grey level in the image and the least dense tone.
Analysis of the Slit-Image
Graticule Measurement
Dimensional information concerning the widths of the lens, the lens zones and the depth in the lens of cataract is readily obtained without densitometry equipment. A grid system was used previously21 to measure the depth of opacities within the lens38 to date the onset of cataracts of traumatic and other causes of rapid onset cataract.
The present system has been refined to give more precise measurement. Graticules have been photographed with the slit-image cam era with the camera cross hair, which corre spond to the position of the anterior pole of the lens, aligned with a mark on the graticule. The resultant negatives were printed onto photographic paper in a Zeiss (Jena) Doc umator to produce prints that are used for measurement of slit-image negatives when these are inserted into the Documator at the same magnification setting. The previously mentioned mark on the print of the graticule is aligned with the Documator projected image of the anterior pole of the lens. Thus this system of measurement takes into account the magnification of the camera and of the Doc umator and any distortions present in their optical systems. It does not allow for the effects of the cornea and anterior lens surface on the magnification.
Scanning Densitometry of the Slit Image
The densitometric data are then processed. The axial measurements are standardised against reference values and film density is converted to a true value. The three scans from each eye are averaged as are the scans from successive exposures of the same eye.
Any slight antero-posterior misalignment of the eyes which may occur between the scans is compensated for by aligning the two sets of data on the anterior surface of the lens before they are combined. All distances are measured from the anterior pole of the lens. The resulting combined data can be displayed in graphical form.
A new generation of cameras is under development that will allow the image to be digitised at the image plane and eliminates the densitometry of negatives.
Repeatability Studies
Repeatability of the clinical measures has been studied using both intra-observer, assessments. Twenty cataracts were assessed independently by 4 observers, and later second assessments were performed on the same lenses by 2 of the 4 observers. (The time delay between the first and the second obser vations was on average 51 days. ) The data was analysed using the weighted kappa statistic, a chance corrected measure of agreement, which is weighted linearly to penalise increas ing observer disparity. 39.40 (1) Resolution Target Projection Ophthalmoscope The intra-observer (within observers) mean weighted kappa value for this instrument was Kw = 0.71, and the inter-observer (between observers) mean value was Kw = 0.69. These both represent 'good' agreement.
(2) The Oxford Clinical Cataract Classification and Grading System The intra-observer mean weighted kappa value for the system as a whole was Kw = 0.68, and the inter-observer mean value was Kw = 0.55. These values represent 'good' and 'fair' agreement respectively. For the individ ual feature, the inter-observer Kw ranged from 0.87 (excellent) to 0.36 (poor). Users of the system should be aware of the inter observer correlation to be expected for the individual features. The correlation values r2 for the scanning densitometry of the slit-image negatives of 27 paired examinations varied from 0.51 (fair) to 0.99 (excellent) with a mean value of 0.90 (excellent). Results of the retro-illumination negatives are awaited and expected to be similar.
